The timing of the l a s t tones constituting the final r e t a r d i s studied in performances of motor music, i. e. music dominated by long sequences of short and equal note values frequently accompanied by similar series of twice a s long note values. The results suggest that the r e t a r d length is related to the length of the final cadence and that the r e t a r d s a r e divided into two phases, the f i r s t of which is variable while the second is more regular; i t s length and decrease in velocity depends on the length of the l a s t conceptual unit (motive) of the piece and,as regards the decrease of velocity,also the pr e r etard mean velocity, with which the piece i s played. The same p r e r e t a r d mean velocity also determines the duration of the note preceding the final chord. These observations a r e expressed in a set of equations by means of which r e t a r d s a r e computed for a set of compositions. The musical quality of such rule generated I r e t a r d s i s assessed by a jury of experienced musicians and music listener s.
Introduction
The performance of a given musical composition must fulfill certain demands in order to sound acceptable to a musically trained listener.
This i s certainly not to claim that there is only one performance of the composition which i s acceptable. Rather, i t is to say that all members of the class "acceptable performance" obey certain rules. We can hypothesize that these rules possess a certain degree of generality within a given class of composition which may provide information on the system we used when we listen to and "understand" a pie ce of music. The purpose of the present investigation was to collect and describe data on the timing of the l a s t sequence of notes in acceptable performances o r , m o r e specifically, the final retards. Certainly, there a r e many acceptable ways of performing a final retard. Indeed, in some performances there seems to be no r e t a r d at all. This investigation focuses on one type of final r etard which i s typically found in music which can be labelled "motor musicff, i. e. music presenting long s e r i e s of short and equal note values frequently accompanied by similar s e r i e s of twice a s long note values, cf. FCL = final cadence length; R L = r e t a r d length; PhIIL = P h a s e I1 length; = p r e r e t a r d mean velocity:
PhIISl = P h a s e I1 slope; LVM = 1ast.velocity m e a s u r e ; SU = shortest units. 24 r e t a r d s studied. The a b s c i s s a r e p r e s e n t s the normalized t i m e which the r e t a r d takes.
The b a r s show f 'I standard deviation. Fig. 111-A-5 . Relationship between the length of the l a s t conceptual unit and 3f the P h a s e I1 length in the 20 p i e c e s where the r e t a r d showed a c l e a r separation between P h a s e I and P h a s e 11. S U = s h o r t e s t units.
data points LENGTH OF LAST CONCEPTUAL UNIT (SU)
The line shows the approximation used in the model. where the r e t a r d showed a clear separation between P h a s e I and P h a s e 11. LCU = l a s t conceptual unit.
The lines show the approximations used in t h e model for LCU shorter (dashed line) and l a r g e r (chaindashed line) than 5 and 4 shortest units.
49.
The l a s t velocity m e a s u r e was found to correlate with the p r e r e t a r d
-----------mean velocity, a s we might expect. The correlation i s illustrated in 
This equation simply states that the L V M (last velocity measure) i s chosen
with r e g a r d to the p r e r e t a r d mean velocity v.
A s for P h a s e I , the variability was great a s mentioned, and no conclusive way was found to account for it. It was decided, then, to make a v e r y crude and simple approximation of this segment in the following way.
To m a r k off the beginning of the r e t a r d , the f i r s t shortest unit in the r et a r d was made 95 % of the p r e r e t a r d mean velocity. The remaining shortest units of P h a s e I were given velocities that decreased linearly in the r et a r d curve until the beginning of P h a s e 11.
This terminates our observations on the 24 r e t a r d s examined. The result can be summarized in the following way. The r e t a r d curves in the type of music considered h e r e a r e divided into two phases, the fir s t of which s e e m s to be r a t h e r f r e e while the second exhibits a linear d e c r e a s e of velocity. The r e t a r d length depends on the length of the final cadence, cf. Eq. (I). The length of P h a s e I1 equals the length of the l a s t conceptual unit, cf. Eq. (2). The slope of the r e t a r d curve in P h a s e I1 depends on two factors: the p r e r e t a r d mean velocity and the P h a s e I1 length, cf. Eq. (3a and 3b). The end point of P h a s e 11, i. e. the l a s t velocity m e a s u r e , i s r elated t o the p r e r e t a r d mean velocity, cf. Eq. (4). I t s e e m s that these four equations explain the great variability between different r e t a r d s when plotted a s in Fig. 111 -A-3.
At this point we certainly cannot presume that the above description of the final r e t a r d in a motor music piece i s tenable: the scatter of the data points in each plot prevents such a conclusion. In o r d e r to find out how much our descriptive mathematical model tells about musical reality we have to t e s t i t by predicting r e t a r d s and presenting them to judges. A control program was deviced by R. Carlson and B. Granstrom (1976) in which the pitches and their durations were specified. The sound generation was adjusted to produce a tone quality similar to that of a harpsichord.
Material
Our model was based on a s e r i e s of correlations found between factors in the music and in the performance and factors in the retard. None of these correlations was perfect. Hence, r e t a r d s predicted by our model will deviate more or l e s s from the r e t a r d s actually performed. An important question then is, do these deviations create r e t a r d s that sound musically unacceptable ?
In order to severely test the model we chose examples for synthesis of three types. One set was drawn f r o m those predictions which deviated the most from the original performance on one of each of the four essential p a r a m e t e r s of the model. There were two examples for each parameter.
In one instance the example was devient in two parameters, the length of P h a s e I1 and i t s slope. In an additional example we substituted the slope of the original performance and retained Phase I1 length in i t s devient form.
In another case the last conceptual unit of the composition was ambiguous;
we generated two versions, one with three shortest units and one with seven for the Phase I1 length. This gave us nine exampl es in the most-devient class.
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Another way to test the model was to synthesize a number of r e t a r d s which were not predicted from the model and which did not have the twophase system. We used five selections from the most-devient group, described e a r l i e r , and computed a linear decrease in velocity over the whole r e t a r d curve making i t a straight line. These a r e r e f e r r e d to a s "straight-line retards".
Finally there was a third set of r e t a r d s which were not strongly devient from the actual performance in any parameter.
It would have been desirable to have still another category of r e t a r d , synthesized with the actual durations of the performance. The one-part reduction of the compositions, however, did not allow for good equivalence and the original durations produced unstable examples, which were unsuitable for comparison with the predicted version.
In this way we made a test tape consisting of 18 r e t a r d examples.
Each example contained a complete final r e t a r d and a p r e -r e t a r d segment of from 11 to 47 shortest units in the average velocity of the performance prior to the retard. The range in time for the examples was 4 1/2 sec to 13 sec and there was a pause between examples of 3 sec. The total time of the tape was about 10 min. Each selection was repeated, although not in sequence, so that each example was heard twice in the course of the tape. The durations of the notes in each example were checked by means of an oscillograph recording and were found to be in an agreement with the predicted values that were better than 15 msec.
Procedure
The test was run in a quiet room with the judges seated at a table 2 m from the tape recorder. The stimulus was presented to the judges over loudspeakers, The judges were instructed that they would be listening to a s e r i e s of musical excerpts ending with r e t a r d s . Their task was to a s s e s s these r e t a r d s from a musical point of view on a five-point scale in the pause following each example, using five for the excellent r e t a r d s and one for those which they considered unacceptable a s musically feasible solutions. It was emphasized that they would listen to and judge only the r etards, disregarding the quality of the synthesis, the melodic content, etc.
Before the proper test began, a portion of the tape was played to familiarize the subject with the material. Two groups of judges were formed, one comprising professional musicians only and the other, non-prof e s sional musicians and experienced music listeners. .569* Table 111 Table 111 -A-I11 the comparisons mentioned a r e made. The model-predicted r e t a r d s w e r e r a t e d higher than the I straight line r e t a r d s in a l l c a s e s except one (E2P). Still, the model-predicted r e t a r d s received ratings that a r e sigrificantly higher than f o r the straight line r e t a r d s . This supports the conclusion that, provided that r e t a r d length and l a s t velocity m e a s u r e a r e equal, the division of the r et a r d in two p h a s e s i s important to the musical quality of a r e t a r d . deviating considerably in l a s t velocity m e a s u r e and in P h a s e I1 length, on the other hand,ar e found low in the ranking list. Note a1 so that a great discrepancy in P h a s e I1 slope -and length (E2A) gave a lower rating than when the same example was presented with a great discrepancy in P h a s e I1 length only. Tentatively we may hypothesize that the discrepancies a s r e g a r d s P h a s e I1 length and the l a s t velocity m e a s u r e a r e m o r e relevant to the musical quality of a r e t a r d than the r e t a r d length.
Abbreviations as in
P h a s e I was v e r y varied among the pieces analyzed and no simple r u l e s could be formulated that predicted the timing in this p a r t of the r e t a r d s .
In the model i t was realized a s a straight line.
The predicted P h a s e I therefore disagreed considerably f r o m the a ctual-performances in many cases. I t would seem likely that such differences in P h a s e I contributed to a low rating just a s in the case of P h a s e 11. However, timing in r e t a r d P h a s e I i s a quest ion which we lieve open for future r e s e a r c h . I t s e e m s likely that a better understanding on this point may develop f r o m investigations of p r e r etard timing, Summarizing our findings we can say that the t e s t supported the following conclusions. The descriptive model generates r e t a r d s that a r e generally better than straight line r e t a r d s but not a s good a s r e t a r d s a ctually performed by the players. The model accounts f o r the dependence of r e t a r d s on final cadence length, l a s t conceptual unit length and possibly also p r e r e t a r d mean velocity in a reasonably acceptable manner. Nevertheless, great discrepancies between predicted and performed r e t a r d s regarding P h a s e I1 length and l a s t velocity m e a s u r e seem to decrease the musical quality of the r e t a r d s .
Concluding r e m a r k s suggested that motor music has associations with a l i s t e n e r ' s experience with physical motion. The regular sequence of impulses we perceive when we walk o r run i s rather similar to the regular sequence of beats or shortest units in a piece of motor music. Indeed, the density in time of these impulses has a direct relationship to the velocity of the movement. Note also that it i s meaningful to speak about "slow" and "fast" in connection with performance of music.
If our experience with physical motion s e r v e s a s a frame of reference for a r e t a r d , our model must possess a fair degree of generality. Anyway, i t may prove rewarding to compare physical motion and r e t a r d in future research.
Above we have seen, that the way i n which a final r e t a r d i s performed in a piece of motor music depends on the characteristics of the music (the lengths of the final cadence and the l a s t conceptual unit) a s well a s of the p r e r e t a r d performance ( p r e r e t a r d mean velocity). The dependence on structural properties of the music suggests that the r e t a r d has the function of signalling to the listener the structural organization. The m e r e fact that the final r e t a r d occurs a t the very end of the piece supports the same conclusion. We may imagine that the cognitive effect of the r e t a r d i s to announce to the listener that we a r e now approaching the end of the piece, entering the final cadence, and finally, the l a s t conceptual unit and 
